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Abstract 
Sustainable buildings have an important role to play in achieving sustainable development through their improved energy and 
environmental performance. In Saudi Arabia, the significance of the building sector can be realised from the fact that the per 
capita carbon dioxide emissions, per capita electricity consumption, and number of buildings are on a steep rise due to the 
economic and population growth. It is therefore vital for the country to consider energy-efficient buildings in order to promote 
sustainable development. This article investigates the prospects of sustainable buildings in Saudi Arabia by reflecting upon the 
findings of a questionnaire survey conducted with pertinent professionals. The analysis in this work is based upon 122 responses 
received from architects, engineers, project managers, construction contractors, developer and investors. The findings of the 
survey indicate that the Saudi building industry has yet to realise the importance of sustainability. It is found that the level of 
formal education and work experience tend to have a positive influence on the appreciation of sustainable buildings.   
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1. Introduction 
The past two decades have seen a growing realisation that the current developmental practices are unsustainable 
[1]. The rising concerns about environmental issues are driving the nations across the world to adopt sustainable 
models of development [2]. Sustainable development is defined as a “development that meets the needs of the 
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present generation without compromising the ability of future generations to meet their own needs” [3]. It 
recognises the interconnections between society, environment, and economy incorporating a holistic approach to 
define solutions that deliver benefits to all of these whilst minimising negative impacts [4]. 
The building industry has a key role to play in achieving sustainable development in any country. Buildings 
contribute to environmental issues ranging from the excessive use of resources during the construction and the 
operation stages to polluting the surrounding environment [5]. Buildings not only use resources such as energy and 
raw materials but they also generate waste and potentially harmful atmospheric emissions [6]. The building sector 
has a major role to play in tackling these issues, as it is responsible for over 40% of the world’s total primary energy 
consumption and up to 30% of the total carbon dioxide (CO΍) emissions [7]. Moreover, buildings are responsible for 
a substantial proportion of the global greenhouse gases (GHGs) emissions. For instance, the US Green Building 
Council [8] suggests that the US commercial and residential building sector accounts for 39% of COЇ emissions per 
year, more than any other sector in the country. According to Alnaser et al [9], construction and operation of 
buildings have an enormous direct and indirect impact on the environment. The annual environmental impact of the 
global building sector includes energy use (42%), atmospheric emissions (40%), raw materials use (30%), solid 
waste (25%), water use (25%), water effluents (20%), land use (12%), and other emissions (13%) [9]. Given the 
massive growth in new construction and the inefficiencies of existing building stock worldwide, in a business as 
usual scenario, the level of GHG emissions from buildings is set to rise in future [7]. In fact, the energy issue is a 
major aspect of a certain sustainable building [10]. If the desired targets for GHG emissions reduction are to be met, 
emissions from the building sector need to be tackled with much greater seriousness and vigour than the past efforts 
by promoting sustainable-energy building practices. The sustainable-energy buildings can be achieved through three 
main principles including energy-efficiency measures, sustainable design solutions, and renewable energy 
technologies [11]. This work investigates the prospects of sustainable-energy buildings in Saudi Arabia by reflecting 
upon the findings of a questionnaire survey conducted with pertinent professionals. This work would lead to further 
work in highlighting the opportunities and challenges for promoting sustainable-energy buildings in Saudi Arabia. 
2. Sustainable Buildings for Saudi Arabia 
During the last decades, the Saudi government has paid significant attention to sustainability and achieving 
sustainable development is one of the main objectives of the economic and social development plan in Saudi Arabia 
[12]. The United Nations Development Program [13] stated that during the eighth development plan (2006-2010), 
the aim was to achieve sustainable development throughout and eliminate the negative impacts on the natural 
resources, the quality of life and the public health, as well as protecting the environment form harmful activities or 
practices. Consistent with the drive to achieve sustainable development, the Ninth Development Plan (2010-2014) 
emphasises conservation and protection of environment from pollution, and conservation and development of 
wildlife, as well as conservation and rational utilisation of natural resources.  
The Energy Information Agency [14] suggests that between 2006 and 2010 the per capita COЇ emissions from 
the consumption of energy in Saudi Arabia are on the rise and are the highest in the world emissions as indicated in 
Fig. 1 (a). Furthermore, the per capita electricity consumption which is based completely on fossil fuel is also 
increasing rapidly due to factors like burgeoning population, urbanization, subsidized tariffs and increased use of 
energy intensive appliances as shown in Fig. 1 (b) [15]. Owing to these factors the electricity demand is expected to 
double by the year 2025 [16]. 
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Fig. 1. (a) Per capita CO2 emissions for Saudi Arabia and global figures [14]; (b) Per capita electricity consumption and population in Saudi 
Arabia [15] 
Saudi Arabia is experiencing a renaissance, pushed up by the oil boom, to develop its infrastructure, and it has 
one of the most active construction markets in the world. The Saudi construction sector is the largest and fastest 
growing market in the Gulf Cooperation Council (GCC) countries (see Fig. 2a) [17]. Figures suggest that buildings 
account of nearly half the value of the Saudi construction industry [17]. This sector has a great potential for growth 
as the demand for residential, commercial, and industrial buildings continues to rise. An analysis of the Saudi 
construction sector provided by the Saudi Ministry of Municipal and Rural Affairs [18] indicates that the number of 
the licenses being issued for construction in Saudi Arabia has been increased significantly during the last two 
decades (see Fig. 2b). 
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Fig. 2. (a) Construction industry in GCC countries [17]; (b) Number of construction licenses in Saudi Arabia between 1990 and 2011 [18] 
The traditional buildings in Saudi Arabia used to be constructed from vernacular materials that were available 
locally and produced in-situ such as limestone, coral, stone and wood [19]. Typically, buildings used to have thicker 
walls and roofs for better thermal insulation [20]. Many vernacular architecture techniques such as wind towers, 
courtyards, fountains, and mashrabiyas were employed for cooling and daylighting [20]. The vernacular architecture 
tends to emphasis the utilisation of local building resources, as well as the use of passive and low-energy strategies 
that could lead to reduce the need for both air-conditioning and lighting requirements [20]. The application of 
 Farajallah Alrashed and Muhammad Asif /  Energy Procedia  62 ( 2014 )  382 – 390 385
vernacular construction materials and techniques is a face of sustainable buildings [21]. However, these vernacular 
techniques and building materials are not being employed anymore in the Saudi building industry [22]. Contrary to 
that, the modern buildings have thinner walls and roofs, and are made from mostly from reinforced concrete. 
Consequently, these buildings are mainly dependent upon air-conditioning system that consumes massive amount of 
energy.  
The importance of sustainable buildings is being realised across the world [21], [23]. In the GCC countries, the 
concept of sustainable buildings has been receiving considerable attention also due to stresses like extensive energy 
consumption and the water scarcity [24]. The data provided by the Leadership in Energy and Environmental Design 
(LEED) [25]-a rating system for sustainable buildings developed by the US Green Building Council- shows that the 
total number of projects being registered to be rated by LEED in the GCC countries is 866 as indicated in Table 1 
though only 106 of them are certified. 
Table 1. The total number of projects registered and rated by LEED in the GCC countries [25] 
Country Registered Certified 
Bahrain 11 1 
Kuwait 10 1 
Oman 24 0 
Qatar 88 13 
Saudi Arabia 83 4 
United Arab Emirates 650 87 
Total 866 106 
 
It can be seen from the Table 1 that of the total 106 buildings certified by LEED, only 4 are from Saudi Arabia. 
Despite having the largest share in the construction sector at the GCC level the state of affairs with regards to 
sustainable buildings is thus not enviable. The efforts being made in Saudi Arabia need to substantiated and 
expedited.  
3. Methodology  
The present work is based upon a survey undertaken through questionnaires aiming to identify the building 
industry views regarding sustainable buildings in Saudi Arabia. The questionnaires focus on exploring the approach 
of the construction sector stakeholders about sustainable buildings both at the development and operational phases 
of projects. The survey targets the representatives of the key professions in the Saudi construction industry including 
architects, engineers, project managers, construction contractors, developer and investors. The required sample size 
is calculated from equations 1-2  that were provided by Crano and Brewer [26]. 
ᇲ
݊ ൌ  ே௡
ேା௡ᇲ
                                      (1) 
 
݊ᇱ ൌ  ௣ሺଵି௣ሻ
ሺௌாሻమ
                                  (2) 
Where, 
n the required sample size 
N the population size (the number of professionals in the Saudi construction industry is not  available, thus, it 
was assumed to be 20,000 while it is noteworthy that any further increment in  population size would 
have limited effect on the results) [27] 
n’ the first estimated sample 
p the estimated proportion to participants (it was assumed as 0.5 for getting the maximum sample size) 
SE the standard error (assumed 5%) 
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The sample size that required for this survey is calculated to be about 100 respondents. Subsequently, more 
than 500 questionnaires are distributed randomly amongst the professionals in the Saudi building industry covering 
the major cities in the country. To accommodate wider segment of targeted professionals the questionnaires are 
designed both in English and the local language, Arabic. The survey was conducted between December 2011 and 
February 2012 employing web-based and in-person approaches. The number of responses received is 122. The 
demographic variables considered in this survey include type of profession, years of experience and education-level 
as summarised in Table 2. 
Table 2. Frequencies and percentage for the demographical variables (n: Number of participants) 
Variable 
Total 
(n=122) 
 
Architect 
(n=45) 
 
Engineer 
(n=37) 
 
Project 
Manager 
(n=12) 
Construction 
Contractor 
(n=18) 
Developer/ 
Investor 
(n=9) 
Other 
(n=1) 
 
 n (%) 
Experience        
<5 years 51 (42) 22 (49) 22 (59) 0 (0) 3 (17) 3 (34) 1 (100) 
5 -10 years 26 (21) 10 (22) 7 (19) 2 (17) 6 (33) 1 (11) 0 (0) 
11 – 15 years 16 (13) 7 (15) 4 (11) 2 (17) 1 (5) 2 (22) 0 (0) 
16 – 20 years 12 (10) 3 (7) 1(3) 2 (17) 5 (28) 1 (11) 0 (0) 
>20 years 17 (14) 3 (7) 3 (8) 6 (50) 3 (17) 2 (22) 0 (0) 
Educational Level        
Non-educated 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Elementary 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Intermediate 2 (2) 0 (0) 0 (0) 0 (0) 1 (5) 1 (11) 0 (0) 
High School 3 (2) 0 (0) 0 (0) 0 (0) 3 (17) 0 (0) 0 (0) 
Diploma 12 (10) 3 (7) 0 (0) 1 (8) 7 (39) 1 (11) 0 (0) 
Undergraduate Degree 88 (72) 40 (89) 30 (81) 6 (60) 7 (39) 4 (45) 1 (100) 
Postgraduate Degree 17 (14) 2 (4) 7 (19) 5 (42) 0 (0) 3 (33) 0 (0) 
Other 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
 
4. Results and Analysis 
The questionnaire survey aims to investigate the prospects of sustainability in the building industry in Saudi 
Arabia. The key findings of the survey are discussed in this section. It examines the importance of sustainability in 
comparison to other factors such as cost, modernity, construction/development time, architectural outfits, 
quality/durability, and safety. In this respect, participants were asked to rank these factors in terms of their priority 
score where 1 is the most important and 7 is the least important. However, for ranking data, the mean and standard 
deviation may not be suitable indicators to determine the overall ranking [28]. Therefore, the Relative Importance 
Index (RII) method is employed to analyse the results. The RII was defined by Shash [28] as the weighted average 
for each factor divided by the upper scale of the measurement. The RII is calculated using equation 3 as below. 
 ൌ σ୔౟୙
௡ሺ୒ሻ
౟                     0  RII  1                        (3) 
Where, 
n number of participants 
Pi participant’s rank 
Ui number of participants ranking project factor 
N highest rank 
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It is observed that sustainability does not appear to be on the preference list of participants as results suggest 
that in comparison to the other factors, sustainability is regarded by most of them as the least important factor (see 
Table 3). Correspondingly, cost and as well as quality and durability are considered by the majority as the most 
important factors for their projects. Nevertheless, engineering participants tend to have a relatively higher interest 
for sustainability. 
Table 3. Index and rank for project factors.   
Project Factor Overall Architect Engineer Project Manager  
Construction 
Contractor 
Developer/ 
Investor 
 RII Rank RII Rank RII Rank RII Rank RII Rank RII Rank 
Cost 0.746 2 0.717 1 0.768 2 0.690 3 0.786 1 0.857 1 
Modernity 0.468 6 0.552 5 0.402 6 0.429 6 0.365 6 0.044 3 
Construction/ 
Development Time 0.475 5 0.454 6 0.363 7 0.595 4 0.675 3 0.032 6 
Architectural Outfits 0.570 4 0.654 3 0.525 4 0.548 5 0.508 5 0.037 5 
Quality and 
Durability 0.753 1 0.702 2 0.803 1 0.810 1 0.714 2 0.059 2 
Safety 0.630 3 0.568 4 0.722 3 0.762 2 0.611 4 0.040 4 
Sustainability 0.357 7 0.352 7 0.417 5 0.250 7 0.341 7 0.020 7 
 
 
The survey inquires the participants about their familiarity with eight of the sustainable- buildings concepts 
(see Fig. 3). Results suggest that participants exhibit a very level of understanding, especially with regards to 
concepts like Zero-Energy Building, Low or Zero Carbon Building and Passivhaus.  
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Fig. 3. Familiarity of sustainable-energy building concepts  
The survey also inquires the participants about how they would compare the current buildings with vernacular 
buildings. More than 60% of participants have considered the current buildings as better than the vernacular ones. 
This appears to be the shared opinion of all types of professionals covered in the survey (see Fig. 4a). Interestingly, 
it is observed that those participants who claim to have a good understanding of vernacular buildings tend to rate 
them equally as modern buildings (see Fig. 4b). 
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Fig. 4. (a) Current buildings in comparison to vernacular buildings based upon participant’s profession; (b) Current buildings in comparison to 
vernacular buildings based upon familiarity with vernacular buildings 
In response to a question about participants experience with employing energy-efficiency measures, renewable 
energy technologies and sustainable design solutions, the results reveal that about 31% of participants have 
experience with energy-efficiency measures while 12% and 13% of them have experience with renewable and 
sustainable design solutions, respectively. Construction contractors and developers/investors appear to have the least 
experience with these factors (see Fig. 5a). Generally, the use of the energy-efficiency measures tends to be 
complemented by the experience level. On the other hand, the experience with renewable is missing in participants 
with more than 20 years of experience (see Fig. 5b). 
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Fig. 5. (a) Experience with sustainable-energy building principles based upon participant’s profession; (b) Experience with sustainable-energy 
building principles based upon participant’s years in building industry 
The survey inquires the participants about the extent of their willingness to follow the best practices, standards 
and codes for sustainable buildings as being employed in the developed world. The results show that engineering 
and project management professionals tend to be more positive than other professionals (see Fig. 6a). Additionally, 
professionals with experience over 20 years tend to be more eager to follow these practices, standards and codes 
(See Figure 6b). 
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Fig. 6. (a) Participants eagerness to follow standards and codes for sustainable buildings based upon profession; (b) Participants eagerness to 
follow standards and codes for sustainable buildings based upon number of years in building industry. 
The survey also inquires the participants to make suggestions to improve the uptake of sustainable buildings. 
The results indicate that, generally, all the examined options are supported by 40-60% of the survey participants 
(See Fig. 7). 
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Fig. 7. The percentage of participants supporting options to promote the application of sustainable-energy buildings in Saudi Arabia. 
5. Conclusions 
To promote sustainable development in Saudi Arabia it is essential to have the building industry on board. The 
concept of sustainable-energy buildings is still new to the Saudi building industry, despite the fact that many 
vernacular buildings materials and techniques have been traditionally in place.  
The findings of the questionnaire survey indicate that, building industry professionals have yet to duly realise 
the significance of sustainability in their practices. They are not adequately acquainted with the modern sustainable 
building principles and practices such energy efficient buildings, energy conservation and management, low energy 
buildings and Passive house. Of the three principles (i.e. energy-efficiency measures, renewable energy technologies 
and sustainable design solutions), the application of energy-efficiency measures in the Saudi building industry is 
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relatively more common - the results reveal that about 31% of participants have experience with energy-efficiency 
measures while 12% and 13% of them have experience with renewable and sustainable design solutions, 
respectively. It is also observed that the use of the energy-efficiency measures tends to be complemented by the 
experience level. Amongst the various types of professionals surveyed in this study, construction contractors and 
developers/investors appear to have the least experience with these factors. It is found that the level of education and 
work experience tend to have positive influence towards appreciation of sustainable buildings. Moreover, the 
awareness on the concept of sustainable building and international best practices needs to be boosted in the Saudi 
building industry. This could be accomplished through short curses, workshops, and seminars and also by offering 
both undergraduate and postgraduate programmes in the field of sustainable buildings. 
Given the energy and environmental challenges it faces, the Saudi building industry quickly needs to switch to 
sustainable practices. It requires a combination of academic, legislative and financial measures to stimulate the 
application of sustainable-energy buildings. 
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